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ABSTRACT 

T h e  c h a r a c t e r i s t i c s  of a high mass f r a c t i o n ,  high 
s p e c i f i c  impulse t w o  s t a g e  expendable launch v e h i c l e  w e r e  
determined for  comparison w i t h  l o w  cost launch v e h i c l e  concepts 
such as descr ibed by the  Boeing MCD study. 

The r e s u l t s  presented i n  t h e  form of curves show 
t h a t  for a very high second s t a g e  m a s s  f r a c t i o n  and I s p ,  the  
first s t a g e  g ross  weight becomes p r a c t i c a l l y  i n s e n s i t i v e  t o  
both f i r s t  s t a g e  s p e c i f i c  impulse and f i r s t  s t a g e  mass f r a c t i o n .  

A s  an a l t e r n a t i v e  app l i ca t ion ,  t h e  payload c a p a b i l i t y  
w a s  der ived  f o r  the f i rs t  s t age  of t h e  prev ious ly  def ined  
launch v e h i c l e  using t h e  standard SIVS as a second stage,  
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INTRODUCTION 

The following parametric study was performed t o  
show t h e  c h a r a c t e r i s t i c s  of a high mass f r a c t i o n ,  high s p e c i f i c  
impulse two s t a g e  expendable launch veh ic l e  f o r  comparison wi th  
low c o s t  launch vehic le  concepts such a s  described by t h e  
Boeing MCD study (Reference 1 ) .  

D I S C U S S I O N  

The parametric study covers a two s t a g e  expendable 
launch vehic le .  The ca lcu la t ions  w e r e  made using t h e  "Computer 
Pmgram f = r  Launch Vehicle Sizing a?zd Sensitivities" by A.  E. 
Marks (Reference 2 ) .  The following parameter ranges w e r e  
considered. 

Mass Frac t ion  1st Stage: 0.86 t o  0 .90  

Mass Frac t ion  2nd Stage: 3.55 t o  0 . 9 2  

S p e c i f i c  Impulse 1st Stage: (SL) 355 sec and 360 sec 

S p e c i f i c  Impulse 1st Stage: WAC) 445 sec and 455 sec 

S p e c i f i c  Impulse 2nd Stage: WAC) 420  t o  455 sec 

A l l  c a l cu la t ions  a r e  based on a t o t a l  i d e a l  AV = 30,490 f t / s e c ,  
which i s  s u f f i c i e n t  t o  go t o  a 55' 270 nm e a r t h  o r b i t .  I n  each 
case t h e  program divided t h e  t o t a l  AV between t h e  two s t a g e s  
i n  such a manner as t o  provide a m i n i m u m  gross  l i f t o f f  weight 
f o r  a given payload. 

Gross l i f t o f f  weight of t h e  whole veh ic l e ,  of t h e  
f irst ,  and of t h e  second s tage  a r e  p l o t t e d  on Figures  1, 2 ,  and 
3 as a funct ion of second s tage  s p e c i f i c  impulse. The g ross  
weights apply t o  a 50,000 l b  payload bu t  can be sca l ed  propor- 
t i o n a l l y  f o r  any o ther  payload. 
t h a t  f o r  increasing second s tage  s p e c i f i c  impulse, t h e  f i r s t  
stage g ross  weight decreases rap id ly .  This i s  due t o  t h e  f a c t  

It  can be seen from t h e  curves 
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t h a t  f o r  increas ing  second s tage  s p e c i f i c  impulse t h e  optimum 
i d e a l  AV s p l i t  c a l c u l a t i o n  a t t r i b u t e s  an inc reas ing ly  l a r g e r  
percentage of t h e  t o t a l  AV t o  t h e  second s t a g e  thereby re- 
ducing t h e  s i z e  of t he  f i r s t  s t a g e  and increas ing  t h e  s i z e  of 
t h e  second s tage .  

Reference i s  now made t o  Figure 2 showing f i r s t  
s t a g e  gross  l i f t o f f  weight vs second s t a g e  s p e c i f i c  impulse. 
For a value of second s t a g e  s p e c i f i c  impulse of 455 sec and 
a second s t a g e  m a s s  f r a c t i o n  of 0 . 9 2 ,  t h e  f i rs t  s t a g e  gross  
weight i s  p r a c t i c a l l y  i n s e n s i t i v e  t o  both t h e  f i r s t  s t a g e  
s p e c i f i c  impulse and f i r s t  s tage  mass f r a c t i o n .  This is  due 
t o  t h e  f a c t  t h a t  f o r  t h e  high value of second s t a g e  s p e c i f i c  
impulse and m a s s  f r a c t i o n ,  t h e  f i r s t  stage provides an in-  
c reas ingly  smaller  percentage of t h e  t o t a l  AV. Referr ing t o  
t h e s e  same parameters on Figure 1, (a  second s t a g e  m a s s  
f r a c t i o n  of 0 . 9 2  and s p e c i f i c  impulse of 455 sec) it i s  seen 
t h a t  vehic le  g ross  weight var ies  r e l a t i v e l y  l i t t l e ,  less than 
lo%, when changing t h e  f i r s t  s t a g e  mass f r a c t i o n  from 0.86 t o  
0 .90 .  Also, from Figure 3 ,  t he  second s t a g e  gross  weight 
decreases  approximately 2 5 %  when t h e  f i r s t  s t a g e  m a s s  f r a c t i o n  
inc reases  from 0.86  t o  0 .90 .  

Figure 4 shows exchange r a t i o s  r e l a t i n g  t o  t h e  gross  
weight of each of t h e  two s tages ,  t h e  g ross  weight of t h e  
whole vehic le ,  and t h e  first s t a g e  AV t o  t h e  percent  change i n  
f i r s t  s t age  m a s s  f r a c t i o n .  The exchange r a t i o s  a r e  p l o t t e d  
as a func t ion  of f i r s t  s tage  m a s s  f r a c t i o n  while a l l  t h e  o the r  
parameters a r e  held constant.  

A s  an a l t e r n a t i v e  app l i ca t ion  concept,  t h e  payload 
c a p a b i l i t y  was derived f o r  t h e  f i r s t  s t a g e  of t h e  previously 
def ined  veh ic l e  using t h e  standard S I V B  as a second s t age .  
Since t h e  S I V B  i s  a f ixed  configurat ion,  t h e  weight of t h e  
f i r s t  s t a g e  was assumed t o  vary as  needed. Figure 5 shows 
t h e  r ec ip roca l  of t h e  growth f a c t o r  ( i . e . ,  payload divided by 
l i f t o f f  weight) versus  t h e  payload. The maximum of each of 
t hese  curves i n d i c a t e s  f o r  each of t he  s p e c i f i c  impulses and 
m a s s  f r a c t i o n s  t h e  s i z e  of the f i r s t  s t a g e  giving t h e  minimum 
l i f t o f f  g ross  weight f o r  a given payload. 

Vehicle g ross  weight i s  p l o t t e d  vs payload on Figure 
6 .  The lowest qrowth f ac to r  i s  ind ica ted  f o r  each curve.  

1013-JJS-baw J d. J. Schoch 

Attachments 
Figures  1-6 
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FIGURE 1 - LIFTOFF GROSS WEIGHT OF 2-STAGE VEHICLE vs lsp, SECOND STAGE 
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